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EXPERIMENTAL INVESTIGATION OF COLD-FORMED CHANNELS 
SUBJECTED TO COMBINED BENDING AND WEB CRIPPLING 
Ben Youngt & Gregory J. Hancock* 
ABSTRACT 
An experimental investigation of cold-formed channels subjected to combined bending and 
web crippling is described in this paper. A series of tests was performed on unlipped channels 
rolled from high strength structural steel sheets having nominal plate thickness up to 6 mm, and 
a maximum web slenderness value of 45. This value is considerably lower than the intended 
web slenderness values used in the AustralianlNew Zealand Standard (AS/NZS 4600, 1996) 
and the American Iron and Steel Institute (AISI, 1996) Specification for cold-formed steel 
structures. In the past, the typical thickness of cold-formed steel members was less than 3 mm, 
and this was due to the limitations of the cold-forming technology in the 1980s. The design 
rules in the AS/NZS 4600 and the AISI Specification for members subjected to combined 
bending and web crippling are mainly based on test results having plate thickness less than 3 
mm with web slenderness values greater than 45. Therefore, the appropriateness of the design 
rules for members having plate thickness greater than 3 mm is investigated in this paper. 
The specimens were tested at various lengths using the Interior-One-Flange (lOF) loading 
condition specified in the AS/NZS 4600 and the AISI Specification. The test strengths are 
compared with the design strengths obtained using the AS/NZS 4600 and the AISI 
Specification. Generally, it is shown that the specifications conservatively predicted the 
strengths of the tested unlipped channels subjected to combined bending and web crippling. 
1 INTRODUCTION 
The combination of bending moment and concentrated load frequently occurs in beams at 
locations such as interior supports and points of concentrated load within the span. When 
bending moment and concentrated load occur simultaneously at locations without transverse 
stiffeners, the two actions interact to produce a reduced load capacity (Hancock 1998). 
Up to the 1980s, the thickness of cold-formed members was generally limited to approximately 
3 mm. This was due to the limitations of the cold-forming technology in the past. In the 1990s, 
cold-formed members of 6 mm and greater thickness were more commonly produced. The 
bending and web crippling interaction equations contained in the current AustralianlNew 
Zealand Standard (AS/NZS 4600, 1996) and the American Iron and Steel Institute (AISI, 1996) 
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Specification for cold-fonned steel structures are fonnulated based on test results obtained by 
Hetrakul & Yu (1978 and 1980), and Yu (1981). However, the plate thickness of these 
specimens were limited to approximately 3 mm with web slenderness values greater than 45. 
Therefore, the appropriateness of the bending and web crippling interaction equations specified 
in the specifications need to be investigated for members having plate thickness greater than 3 
rum with web slenderness values less than or equal to 45. 
The purpose of this paper is to examine the appropriateness of the bending and web crippling 
interaction equation for channel sections having single unreinforced webs with thickness up to 
6 rum in the ASINZS 4600 and the AISI Specification. A series of tests was conducted on cold-
fonned steel unlipped channels subjected to combined bending and web crippling. The 
maximum web slenderness value of the channels was 45. The specimens were tested using 
different bearing lengths. The tests were perfonned using the Interior-One-Flange (IOF) 
loading condition specified in the ASINZS 4600 and the AISI Specification. Different lengths 
of specimens were tested to obtain the interaction relationship between moment and 
concentrated load. The test strengths are compared with the design strengths obtained using the 
ASINZS 4600 and the AISI Specification. 
In addition, two series of cold-formed channels subjected to pure bending are also presented in 
this paper. One of the test series belonged to the same batch of specimens as the combined 
bending and web crippling tests. The pure web crippling test results for Interior-One-Flange 
(IOF) loading condition reported by Young and Hancock (1999 and 2000) are used in this 
paper. The pure bending test and the pure web crippling test results are needed to non-
dimensionalise the combined bending and web crippling tests as described in this paper. The 
results of the pure bending tests as well as the pure web crippling tests are compared with the 
design strengths obtained using the ASINZS 4600 and the AISI Specification. 
2 PURE BENDING TESTS 
2.1 Experimental Investigation 
2.1.1 Test Specimens 
The tests were perfonned on unlipped channels cold-formed from structural steel coils. The 
cold-formed channels were subjected to major axis bending. Two series of channels were 
tested, having nominal yield stresses of 450 MPa and 250 MPa for Series SI and S2 
respectively. The test specimens from the test Series Sl (called DuraGal) involve cold-forming 
of steel sections followed by in-line galvanising. This process considerably enhances the yield 
stress of the unfonned material from 300 MPa to 450 MPa. The specimens were separated into 
two series of different nominal yield stress. Series S 1 and S2 consisted of nine different section 
sizes, having the nominal overall depth of the webs (d) ranging from 75 mm to 300 mm, the 
nominal overall width of the flanges (bj) ranging from 40 mm to 90 mm, and the nominal 
thicknesses (I) ranging from 4 mm to 6 rum. The web slenderness (hit) values ranged from 15.3 
to 45.0, where h is the depth of the flat portion of the web. Hence, the specimens are 
considered to have stocky webs. The length of the specimens was chosen, such that the section 
moment capacity could be obtained. Tables 1 and 2 show the measured test specimen 
dimensions for the Series SI and S2 respectively, using the nomenclature defined in Fig. 1. The 
specimens were labeled according to the type of test and their cross-section dimensions. For 
example, the label "BT75x40x4-a" defines a bending test (BT) of the specimen having 
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nominal overall depth of the web of 75 mm, the overall flange width of 40 mm, and the 
thickness of 4 mm. The last letter "a" indicates that a pair of specimens ("a" and "b") was used 
in the test to provide symmetric loading for channel sections. The pair of specimens was cut 
from the same long specimen. Therefore, the cross-section dimensions and the material 
properties of the pair of specimens were nearly the same. 
2.1.2 Material Properties 
The material properties of all specimens were detennined by tensile coupon tests. The 
longitudinal coupons were taken from the centre of the web plate of the finished specimens. 
The coupon dimensions confonned to the Australian Standard AS 1391 (1991) for the tensile 
testing of metals using 12.5 mm wide coupons of gauge length 50 mm. The coupons were also 
tested according to AS 1391 in a 300 kN capacity MTS displacement controlled testing 
machine using friction grips. A calibrated extensometer of 50 mm gauge length was used to 
measure the longitudinal strain. A data acquisition system was used to record the load and the 
gauge length extensions at regular intervals during the tests. The static load was obtained by 
pausing the applied straining for one minute near the 0.2% tensile proof stress and the ultimate 
tensile strength. This allowed the stress relaxation associated with plastic straining to take 
place. The material properties detennined from the coupon tests are summarised in Table 3, 
namely the nominal and the measured static 0.2% tensile proof stress (crO.2), the static tensile 
strength (cru) and the elongation after fracture (8u) based on a gauge length of 50 mm. The 0.2% 
proof stresses were used as the corresponding yield stresses. 
2.1.3 Test Rig and Operation 
The schematic views of the pure bending test arrangement are shown in Figs 2a and 2b for the 
front and sectional views respectively. Two channel specimens were used in the test to provide 
symmetric loading, and the specimens were bolted to the load transfer blocks at the two 
loading points and end supports. Hinge and roller supports were simulated by half rounds and 
Teflon pads. The simply supported specimens were loaded symmetrically at two points to the 
load transfer blocks within the span using a spreader beam. Half rounds and Teflon pads were 
also used at the loading points. In this testing arrangement, pure in-plane bending of the 
specimens can be obtained between the two loading points without the presence of shear and 
axial forces. The distance between the two loading points was 480 mm for the Series SI and 
S2, and the distance from the support to the loading point was 350 mm for the Series S1. Two 
photographs of the pure bending test setup of specimens BT200x75x5-a and BT200x75x5-b 
are shown in Figs 3 and 4 for the front and end views respectively. 
A 2000 kN capacity DARTEC servo-controlled hydraulic testing machine was used to apply a 
downward force to the spreader beam. Displacement control was used to drive the hydraulic 
actuator at a constant speed of 0.8 mm/min and 0.6 mm/min for the Series SI and S2 
respectively. Three displacement transducers were used to measure the vertical deflections and 
curvature of the specimens. A SPECTRA data acquisition system was used to record the 
transducers and the load readings at regular intervals during the tests. The static load was 
recorded by pausing for one minute near the ultimate load. This allowed the stress relaxation 
associated with plastic straining to take place. 
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2.1.4 Test Results 
The experimental ultimate moments per channel (MExp) for bending about the major x-axis are 
given in Tables I and 2 for the Series I (nominal yield stress of 450 MPa) and Series S2 
(nominal yield stress of250 MPa) respectively. The moments per channel were obtained using 
a quarter of the ultimate static applied load from the actuator mUltiplied by the lever arm 
(distance from the support to the loading point) of the specimens. Out-of-plane bending of the 
specimens was not observed in the tests. 
2.2 Comparison of Pure Bending Test Strengths with Design Strengths 
The ultimate moments per channel (MExp) obtained from the tests are compared with the 
nominal flexural strengths (Mn) for bending about the major x-axis predicted using the 
AustralianlNew Zealand Standard (ASINZS 4600, 1996) and the American Iron and Steel 
Institute (AISI, 1996) Specification for cold-formed steel structures. For unlipped channel, the 
flexural strength design rules for the ASINSZ 4600 and the AISI Specification are identical. 
Tables 4 and 5 show the comparison of the test strengths (MExp) with the unfactored design 
strengths (Mn) for Series SI and S2 respectively. The design strengths were calculated using 
the measured cross-section dimensions and the measured material properties as detailed in 
Tables 1,2 and 3. 
The design strengths (Mn) predicted by the ASINZS 4600 and the AISI Specification are 
conservative for both the Series SI and S2. For Series SI, the average value of the flexural 
strength was reached in the test at 119% of the value predicted by the specifications and a 
coefficient of variation of 0.086. For Series S2, the corresponding value is 141% and a 
coefficient of variation of 0.062. The specimens having higher yield stress (Series SI) are 
predicted less conservatively than the specimens having lower yield stress (Series S2). 
2.3 Summary of Pure Bending Tests 
An experimental investigation of cold-formed unlipped channels subjected to major axis 
bending has been presented. The tests were conducted on channel members having plate 
thickness up to 6 mm with web slenderness values of less than or equal to 45. The test 
specimens have thicker plates than the traditional cold-formed thin gauge members, and the 
sections are considered to be stocky. Two series of channels having nominal yield stresses of 
450 MPa and 250 MPa were tested. The test strengths are compared with the design strengths 
obtained using the AustralianlNew Zealand Standard (ASINZS 4600, 1996) and the American 
Iron and Steel Institute (AISI, 1996) Specification for cold-formed steel structures. It is 
demonstrated that the design strengths predicted by the specifications are conservative for all 
the tested channels subjected to pure bending. Therefore, it is recommended that the nominal 
flexural strengths design equations specified in the ASINZS 4600 and the AISI Specification 
can be used for cold-formed channel members having plate thickness up to 6 mm. The 
specimens having higher yield stress are predicted less conservatively than the specimens 
having lower yield stress. 
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3 PURE WEB CRIPPLING TESTS 
Young and Hancock (1999 and 2000) reported a test program on cold-formed unlipped 
channels subjected to web crippling. The tested channel specimens belonged to the same batch 
of specimens as the pure bending tests. Hence, the material properties of the tested specimens 
are same as those shown in Table 3. The specimens were tested under the four loading 
conditions specified in the AustralianlNew Zealand Standard (AS/NZS 4600, 1996) and the 
American Iron and Steel Institute (AISI, 1996) Specification for cold-formed steel structures. 
The four specified loading conditions are the End-One-Flange (EOF), Interior-One-Flange 
(IOF), End-Two-Flange (ETF) and Interior-Two-Flange (ITF) loading. The web slenderness 
values ranged from 15.3 to 45 have been investigated. 
The experimental ultimate web crippling loads per web (PExp) and the unfactored design 
strengths (Pn) of the IOF loading condition for test Series Sl are given in Table 6. The 
measured dimensions of the tested specimens are detailed in Young and Hancock (1999 and 
2000). The pure web crippling test strengths shown in Table 6 are needed for the combined 
bending and web crippling tests as described in this paper. 
The pure web crippling test strengths are compared with the design strengths obtained using 
the AS/NZS 4600 and the AISI Specification. It is demonstrated that the design strengths 
predicted by the specifications are unconservative for unlipped channels subjected to IOF 
loading condition. Test strength as low as 54% of the design strength was obtained for channel 
75x40x4 section. Therefore, new web crippling design equations for unlipped channels have 
been proposed in Young and Hancock (1999 and 2000). The proposed design equations are 
derived based on a simple plastic mechanism model with some adjustment for web slenderness, 
and these equations are calibrated with the test results, which take accounts of the variation of 
the web slenderness of the channel sections. It has been shown that the web crippling strengths 
predicted by the proposed design equations are generally conservative for unlipped channels 
with web slenderness values of less than or equal to 45. 
4 COMBINED BENDING AND WEB CRIPPLING TESTS 
4.1 Experimental Investigation 
4.1.1 Test Specimens and Bearing Plates 
The combined bending and web crippling (interaction) tests were performed on the same batch 
of specimens as the pure bending tests and the pure web crippling tests for Series S I; Hence, 
the material properties of the specimens are the same as those shown in Table 3. Three 
channels 100x50x4, 200x75x5 and 300x90x6 having web slenderness (hit) values of 2l.7, 
38.3 and 45.0 were tested for Series Sl. The specimens are considered to have stocky webs. 
Tables 7-9 show the measured test specimen dimensions using the nomenclature defined in 
Fig. l. The length (L) of the specimens was varied in order to determine the interaction 
relationship between moment and concentrated load. The length of the specimens was 






Equation (1) is suggested by Zhao and Hancock (1992) for square and rectangular hollow 
sections. In Eqn (1), a is the distance from the centre of the loading point to the support point, 
as shown in Fig. Sa, MExp is the experimental ultimate moment per channel determined from 
the pure bending tests of the same size section, PExp is the experimental ultimate load per web 
determined from the pure web crippling tests of the same size section with different bearing 
lengths, and k is the interaction factor which determine the interaction relationship between 
moment and concentrated load. The factor k was chosen at 0.5, 1.0 and 1.5 for channels 
200x75x5 and 300x90x6, and k at 0.7, 1.0 and 1.5 for channel 100x50x4. Tests with lower k 
give results with a lower ratio of moment to concentrated load, whereas tests with higher k give 
results with a higher ratio of moment to concentrated load. 
The loading of concentrated load was applied by means of bearing plates, which acted across 
the full flange widths of the chamlels excluding the rounded corner. The bearing plates were 
fabricated using high strength quench and tempered steel. The length of bearing (N) was 
chosen to be the full and half flange width of the channels. The flanges of the channel 
specimens were not fastened to the bearing plate. 
The specimens were labeled such that the type of test, the depth of the web, the interaction 
factor and length of bearing could be identified from the label. For example, the label 
"e lOOK 1.5N 50-a" defines the following specimen: 
• The first letter (C) indicates that the specimen is subjected to combined bending and web 
crippling. 
• The next three digits (100) are the overall depth ofthe web in mm (100 mm). 
• The notation "KI.5" indicates the interaction factor of 1.5. 
• The notation "N50" indicates the length of bearing in mm (50 mm). 
• The last letter "a" indicates that a pair of specimens ("a" and "b") was used in the test to 
provide symmetric loading for channel sections. 
This specimen belongs to channel I 00x50x4 section, where the nominal overall depth of web 
is 100 mm, the nominal overall flange width is 50 mm and the nominal thickness of the 
channel section is 4 llU11. 
4.1.2 Test Rig and Operation 
For the combined bending and web crippling tests, different length of channel specimens were 
tested using the Interior-One-Flange (IOF) loading condition specified in the AustralianlNew 
Zealand Standard (ASINZS 4600, 1996) and the American Iron and Steel Institute (AISI, 1996) 
Specification for cold-formed steel structures. The schematic views of the combined bending 
and web crippling test arrangement are shown in Figs Sa and 5b for the front and end views 
respectively. Two channel specimens were bolted to load transfer blocks at the end supports, 
and a bearing plate was positioned at the mid-length of the specimens. Two specimens were 
used in the test to provide symmetric loading. Hinge and roller supports were simulated by half 
rounds and Teflon pads. For long specimen lengths, restraining frames were used to prevent 
out-of-plane buckling of the specimens. The long specimens were also bolted to two additional 
load transfer blocks near the quarter length of the specimens to prevent rotation of the web-
flange junctions of the channels. Transducers were used to record the web deformations of the 
specimens, and the deformations were taken between the bearing plate and the bottom of the 
specimens. Photographs of the combined bending and web crippling test setup are shown in 
Figs 6 and 7 for the front and end views respectively. 
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The same testing machine was used in the combined bending and web crippling tests as the 
pure bending tests and the pure web crippling tests. A 2000 kN capacity DARTEC servo-
controlled hydraulic actuator was used to apply a downward force to the specimens. 
Displacement control was used to drive the actuator at a constant speed of 0.8 mm/min, which 
was the same speed as the pure bending tests and the pure web crippling tests. The static load 
was recorded by pausing for one minute near the ultimate load. This allowed the stress 
relaxation associated with plastic straining to take place. A SPECTRA data acquisition system 
was used to record the transducers and the load readings at regular intervals during the tests. 
4.1.3 Test Results 
The experimental results of the combined bending and web crippling tests are given in Tables 
7, 8 and 9 for channels 100x50x4, 200x75x5 and 300x90x6 respectively. The experimental 
ultimate loads per web (Pc-Exp) obtained from the tests were used to calculate the experimental 
ultimate moments per channel (Mc-Exp). The moment were calculated using a quarter of the 
ultimate static applied load from the actuator multiplied by the distance from the centre of the 
loading point to the centre of the support point of the specimens. The restraining frames 
prevented out-of-plane bending ofthe specimens in the tests. 
4.2 Comparison of Combined Bending and Web Crippling Test Strengths with Design 
Strengths 
The experimental results obtained from the combined bending and web crippling tests are 
compared with the unfactored design strengths predicted using the AustralianlNew Zealand 
Standard (AS/NZS 4600, 1996) and the American Iron and Steel Institute (AISI, 1996) 
Specification for cold-formed steel structures. The AS/NZS 4600 has adopted the combined 
bending and web crippling design rules from the AISI Specification, and no changes are 
introduced in these design rules. Therefore, the design strengths predicted by the AS/NZS 4600 
and the AISI Specification are identical. The unfactored design strengths of channel sections 
having single unreinforced webs were calculated using the following interaction equation: 
1.07 ( ~JJ ~J::; 1.42 l PExp l Map (2) 
Figures 8, 9 and 10 show the comparison of the combined bending and web crippling test 
strengths with the design strengths for channels 100x50x4, 200x75x5 and 300x90x6 
respectively. For the purpose of the comparison, test strengths and design strengths have been 
non-dimensionalised with respect to the experimental ultimate load per web (PExp) determined 
from the pure web crippling tests and the experimental ultimate moment per channel (MExp) 
determined from the pure bending tests. 
The design strengths predicted by the AS/NZS 4600 and the AISI Specification are 
conservative for channels loaded using bearing lengths of full and half flange width of the 
channels, except that the specifications slightly overestimated the design strengths at the higher 
ratio of moment to concentrated load for bearing lengths of half flange width for channels 
200x75x5 and 300x90x6. 
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5 CONCLUSIONS 
An experimental investigation of cold-formed unlipped channels subjected to combined 
bending and web crippling has been presented. A series of tests has been conducted to examine 
the appropriateness of the bending and web crippling interaction equation for channel sections 
having single unreinforced webs with thickness up to 6 rum in the AustralianlNew Zealand 
Standard (ASINZS 4600, 1996) and the American Iron and Steel Institute (AlSI, 1996) 
Specification for cold-formed steel structures. Tests were performed on high strength cold-
formed steel channels having nominal yield stress of 450 MPa, and the web slenderness values 
ranging from 21.7 to 45 which are considerably lower than the usual values used in the 
specifications. 
The combined bending and web crippling tests were performed using the Interior-One-Flange 
(IOF) loading condition specified in the ASINZS 4600 and the AISI Specification. The 
specimens were tested at various lengths to obtain the interaction relationship between moment 
and concentrated load. The test strengths are compared with the design strengths obtained 
using the ASINZS 4600 and the AISI Specification. It has been shown that the combined 
bending and web crippling design strengths predicted by the specifications are generally 
conservative for unlipped channels with web slenderness values ofless than or equal to 45. The 
specifications closely predicted the strengths of the channels loaded using bearing lengths of 
half flange width of the channels. Hence, it is demonstrated that the bending and web crippling 
interaction equation of sections having single unreinforced webs in the ASINZS 4600 and the 
AISI Specification is appropriate for high strength unlipped channels having stocky webs. This 
assumption is based on the use of the measured pure bending and pure web crippling tests to 
non-dimensionalise the results. 
In addition, a test program on cold-formed unlipped channels subjected to major axis bending 
has also been presented. Two series of channels having nominal yield stresses of 450 MPa and 
250 MPa were tested. The channel specimens having higher yield stress (450 MPa) belonged to 
the same batch of specimens as the combined bending and web crippling tests. The test 
strengths are compared with the design strengths obtained using the ASINZS 4600 and the 
AISI Specification. It is shown that the design strengths predicted by the specifications are 
conservative for the tested channels subjected to pure bending. 
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Distance from the centre of the loading point to the support point 
Overall width of flange 
Coefficient of variation 
Overall depth of web 
Depth of flat portion of web measured along the plane of web 
Interaction factor 
Length of specimen 
Bending moment 
Experimental ultimate moment per channel obtained from pure bending test 
Experimental ultimate moment per channel obtained from combined bending and 
web crippling test 
Nominal flexural strength for bending about the major x-axis obtained from 
specifications (Unfactored design strength) 
Length of bearing 
Load obtained from web crippling. 
Experimental ultimate load per web obtained from pure web crippling test 
Experimental ultimate load per web obtained from combined bending and web 
crippling test 
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PII Nominal web crippling strength obtained from specifications (Unfactored design 
strength) 
ri Inside comer radius of specimen 
Thickness of channel section 
Su Elongation (tensile strain) after fracture based on a gauge length of 50mm 
<JO.2 Static 0.2% tensile proof stress 
<J. Static ultimate tensile strength 
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Fig. 2. Schematic Views of Pure Bending Test Arrangement 
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Fig. 3. Front View of Pure Bending Test Setup 
Fig. 4. End View of Pure Bending Test Setup 
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(a) Front view 
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Fig. 5. Schematic Views of Combined Bending and Web Crippling Test Arrangement 
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Fig. 6. Front View of Combined Bending and Web Crippling Test Setup 
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Specimen Web Flanges Thickness Radius Length Exp. Vlt. Moment 
per Channel 
d bf t ri L MExD 
(mm) (mm) (mm) Cmm) (mm) (kNm) 
BT75x40x4-a 74.4 40.3 3.84 3.9 1268.0 6.44 
BT75x40x4-b 74.4 40.2 3.85 3.9 1267.8 6.44 
BTl 00x50x4-a 99.2 50.3 3.83 4.1 1269.9 11.64 
BTl 00x50x4-b 99.2 50.4 3.83 4.1 1269.2 11.64 
BTl25x65x4-a 124.9 65.5 3.84 3.9 1269.2 16.20 
BTl25x65x4-b 124.9 65.5 3.83 3.9 1269.1 16.20 
BT200x75x5-a 198.8 75.9 4.70 4.2 1272.4 40.48 
BT200x75x5-b 198.8 75.9 4.69 4.2 1271.3 40.48 
BT250x90x6-a 249.5 90.1 6.01 7.9 1269.2 79.90 
BT250x90x6-b 249.3 90.0 6.00 7.9 1269.7 79.90 
BT300x90x6-a 298.5 91.2 6.00 8.4 1269.8 92.89 
BT300x90x6-b 298.8 91.2 6.00 8.4 1271.5 92.89 
Note: 1 Ill. - 25.4 mm; 1 kip - 4.45 kN 
Table 1. Measured Specimen Dimensions and Experimental Results 
of Pure Bending Tests for Series SI 
Specimen Web Flanges Thickness Radius Length Exp. Ult. Moment 
per Channel 
d br t ri L MExD 
(mm) (mm) (mm) (mm) (mm) (kNm) 
BT80x40x4-a 80.3 39.7 3.82 4.0 1202.0 5.51 
BT80x40x4-b 80.4 39.6 3.80 4.0 1201.0 5.51 
BT 140x50x4-a 140.0 49.9 3.86 4.0 1251.0 14.50 
BTl40x50x4-b 140.2 50.1 3.86 4.0 1252.0 14.50 
BTl50x75x4-a 149.4 75.6 3.85 4.0 1050.0 16.11 
BTl50x75x4-b 149.3 75.5 3.84 4.0 1051.0 16.11 
Note: 1 Ill. - 25.4 mm; 1 kip - 4.45 kN 
Table 2. Measured Specimen Dimensions and Experimental Results 
of Pure Bending Tests for Series S2 
Test Series Channel Nominal Measured 
d x bfx t (jO.2 (j0.2 (j" E" 
(mm) (MPa) (MPa) (MPa) (%) 
SI 75x40x4 450 450 525 20 
SI 100x50x4 450 440 545 20 
SI 125x65x4 450 405 510 23 
SI 200x75x5 450 415 520 24 
SI 250x90x6 450 445 530 21 
SI 300x90x6 450 435 535 23 
S2 80x40x4 250 280 370 35 
S2 140x50x4 250 290 380 39 
S2 150x75x4 250 275 375 37 
Note: 1 Ill. - 25.4 mm; 1 ksl - 6.89 MPa 
Table 3. Nominal and Measured Material Properties 
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Channel Exp. Ult. Moment AISI& Comparison 
per Channel ASINZS4600 
d x bfx t MExp Mn Map 
Mn 
(mm) (kNm) (kNm) 
7Sx40x4 6.44 S.50 1.17 
100xSOx4 11.64 8.92 1.30 
12Sx6Sx4 16.20 12.S2 1.29 
200x7SxS 40.48 33.32 1.21 
2S0x90x6 79.90 70.57 1.13 
300x90x6 92.89 90.18 1.03 
Note: I in. - 2S.4 mm; I kip - 4.4S kN Mean 1.19 
COY 0.086 
Table 4. Comparison of Pure Bending Test Strengths with Design Strengths for Series SI 
Channel Exp. Ult. Moment AISI & Comparison 
per Channel ASINZS4600 
d x bfx t MExp Mn M Exp 
Mn 
(mm) (kNm) (kNm) 
80x40x4 5.S1 3.72 1.48 
140xSOx4 14.S0 10.11 1.43 
ISOx7Sx4 16.11 12.26 1.31 
Note: I in. - 2S.4 mm; I kip - 4.45 kN Mean 1.41 
COY 0.062 
Table 5. Comparison of Pure Bending Test Strengths with Design Strengths for Series S2 
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Channel Bearing Exp. Vlt. Load AISI& Comparison 
Length per Web ASINZS4600 
d x bfx t N PExp Po PExp 
Po 
(mm) (mm) (kN) (kN) 
75x40x4 40.0 49.0 89.7 0.55 
75x40x4 20.0 47.2 86.7 0.54 
100x50x4 50.0 57.9 88.8 0.65 
100x50x4 25.0 56.3 85.0 0.66 
125x65x4 65.0 63.6 87.2 0.73 
125x65x4 32.5 57.4 82.6 0.69 
200x75x5 75.0 94.5 130.7 0.72 
200x75x5 37.5 91.2 124.1 0.73 
250x90x6 90.0 142.8 211.9 0.67 
250x90x6 45.0 132.3 201.8 0.66 
300x90x6 90.0 143.4 206.8 0.69 
300x90x6 45.0 134.6 197.0 0.68 
Note: 1 in. = 25.4 mm; 1 kip - 4.45 kN Mean 0.67 
COY 0.094 
Table 6. Comparison of Pure Web Crippling Test Strengths with Design Strengths 
for Interior-One-Flange Loading Condition 
Specimen Bearing Web Flanges Thickness Radius Length Exp. Ult. Exp. Ult. 
Length Load Moment 
per Web per Channel 
N d br t r; L Pc•Ex" Mc•Ex" 
(mm) (mm) (mm) (mm) (mm) (mm) (kN) (kNm) 
C 1 OOKO. 7N50-a 50.0 99.4 50.4 3.83 4.1 652.4 54.2 7.63 
CIOOKO.7NSO-b 50.0 99.4 50.5 3.84 4.1 653.6 54.2 7.63 
CIOOK1.0N50-a 50.0 99.4 50.4 3.82 4.1 892.9 44.0 8.83 
CIOOK1.0N50-b 50.0 99.7 50.5 3.83 4.1 893.9 44.0 8.83 
C100K1.5N50-a 50.0 99.3 50.5 3.83 4.1 1298.0 34.6 10.44 
C100K1.5N50-b 50.0 99.6 50.5 3.83 4.1 1295.9 34.6 10.44 
CIOOKO.7N25-a 2S.0 99.4 50.5 3.83 4.1 668.5 48.9 7.07 
CIOOKO.7N2S-b 25.0 99.4 SO.5 3.8S 4.1 668.9 48.9 7.07 
C100KI.ON25-a 25.0 99.4 SO.4 3.83 4.1 912.5 40.7 8.38 
C100KI.ON25-b 25.0 99.6 50.4 3.83 4.1 916.9 40.7 8.38 
CIOOKI.5N2S-a 25.0 99.4 50.4 3.84 4.1 1331.5 31.6 9.80 
CIOOKI.5N25-b 25.0 99.5 50.4 3.84 4.1 1332.0 31.6 9.80 
Note: 1 m. - 25.4 mm; 1 kip - 4.45 kN 
Table 7. Measured Specimen Dimensions and Experimental Results of 
Combined Bending and Web Crippling Tests for ChannellOOx50x4 
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Specimen Bearing Web Flanges Thickness Radius Length Exp. Ult. Exp. Ult. 
Length Load Moment 
per Web per Channel 
N d br t r, L PC-EX1 Mc-Exp 
(mm) (mm) (mm) (mm) (nun) (mm) (kN) (kNm) 
C200KO.5N75-a 75.0 198.4 75.9 4.72 4.2 946.8 91.8 19.66 
C200KO.5N75-b 75.0 198.9 75.8 4.72 4.2 947.1 91.8 19.66 
C200Kl.0N75-a 75.0 198.8 75.8 4.71 4.2 1804.5 68.5 29.39 
C200KI.ON75-b 75.0 198.8 75.9 4.71 4.2 1805.0 68.5 29.39 
C200K1.5N75-a 75.0 198.7 75.9 4.72 4.2 2662.0 53.0 34.08 
C200K1.5N75-b 75.0 198.6 75.9 4.74 4.2 2662.2 53.0 34.08 
C200KO.5N37-a 37.5 198.5 75.8 4.70 4.2 977.8 82.9 18.38 
C200KO.5N37-b 37.5 198.2 75.8 4.72 4.2 976.9 82.9 18.38 
C200KI.ON37-a 37.5 198.5 75.6 4.72 4.2 1866.3 61.4 27.26 
C200KI.ON37-b 37.5 198.5 75.8 4.68 4.2 1866.7 61.4 27.26 
C200K1.5N37-a 37.5 198.6 75.7 4.73 4.2 2653.3 49.1 31.46 
C200K1.5N37-b 37.5 198.5 75.6 4.71 4.2 2654.8 49.1 31.46 
Note: 1 m. = 25.4 mm; I kip - 4.45 kN 
Table 8. Measured Specimen Dimensions and Experimental Results of 
Combined Bending and Web Crippling Tests for Channel200x75x5 
Specimen Bearing Web Flanges Thickness Radius Length Exp. Ult. Exp. Ult. 
Length Load Moment 
per Web per Channel 
N d & t r, L Pc-E." Me-Exp 
(mm) (nun) (mm) (mm) (nun) (mm) (kN) (kNm) 
C300KO.5N90-a 90.0 298.5 91.2 6.00 8.4 1384.5 138.4 44.79 
C300KO.5N90-b 90.0 298.5 91.2 6.02 8.4 1384.9 138.4 44.79 
C300KI.ON90-a 90.0 298.4 91.1 6.01 8.4 2678.2 107.6 69.65 
C300Kl.0N90-b 90.0 298.6 91.3 6.01 8.4 2679.7 107.6 69.65 
C300KO.5N45-a 45.0 298.0 91.5 6.00 8.4 1470.7 124.2 42.85 
C300KO.5N45-b 45.0 298.2 91.2 6.00 8.4 1468.8 124.2 42.85 
C300KI.ON45-a 45.0 298.1 91.2 6.00 8.4 2849.0 90.2 62.22 
C300KI.ON45-b 45.0 298.3 91.4 6.01 8.4 2847.0 90.2 62.22 
Note: I m. - 25.4 mm; 1 kip = 4.45 kN 
Table 9. Measured Specimen Dimensions and Experimental Results of 
Combined Bending and Web Crippling Tests for Channel300x90x6 
